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LIQUID SEPARATOR WITH HOLDER UNIT 

The present invention relates to a liquid separator for sepa- 
rating liquid from gases, and particularly for separating 
5 liquids from expiration gases in medical analysis instru- 
ments . 

/" *\ 

When a gas sample from expiration gases is led in a patient 
circuit to an analysis instrument, it is unavoidable that 
: , qw moisture, secretion, blood, bacteria, etc., are liable to 
]^ accompany the sample. As the temperature falls when the gas 
ifl sample is led from the patient circuit to the analysis in- 
in strument, moisture present in the gas precipitates in the 
ri form of water droplets. Should water, blood or secretion 

w 

?! 75 enter the analysis instrument, there is a serious risk that 

the instrument will be permanently damaged, and consequently 

P various protective solutions for preventing such contamina- 
nt 

p tion have been proposed in the art . 

20 The simplest method of avoiding the ingress of bacteria, 
blood and secretion into the gas sample is to place a hydro- 
phobic bacteria filter in the orifice of the sampling conduit 
proximal to the patient circuit. One drawback with this solu- 
tion resides in the difficulty of obtaining a filter surface, 

25 which is sufficiently large to prevent the rise time of the 
gas measuring process from being impaired. A filter that has 
a small surface area will quickly become blocked and there- 
with result in an interruption in the gas monitoring process. 



30 



The presence of a bacteria filter in the orifice of the sam- 
pling conduit will not solve the moisture problem, because 
the moisture does not precipitate from the sample until the 
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sample is downstream of the filter. One solution to this 
problem is to use a special hose material, Nafion®, which 
allows moisture to wander freely through the hose wall. This 
material, however, is very expensive which makes it difficult 
to obtain viable products when using said material. 

Alternatively, water droplets, and possibly also secretion, 
can be separated from expiration gas in a water trap. A posi- 
tive, inexpensive and effective separator can be obtained, by 
combining the water trap with a bacteria filter. However, one 
drawback with this solution is that the rise time of the gas 
measuring process will be seriously impaired unless the water 
trap is adapted with respect to the volume of gas that shall 
be processed at that particular time. 

The need for a short rise time is particularly accentuated 
when measuring the expiration gas of newly born infants, e.g. 
neonatal patients. Small children usually have a considerably 
higher respiration rate than adults. 40-60 breaths per minute 
is normal for such infants, as compared to about 12 breaths 
per minute for adults. Thus, in this case the gas sampling 
system must have a pneumatic rise time of well above 0.5 s in 
order to carry out a correct gas analysis with respect to 
time, a rise time of 2 00 ms being an appropriate value in 
this respect . 

The pneumatic rise time of the gas sampling system is essen- 
tially inversely proportional to the sampling flow, in other 
words a high rate of flow results in a short rise time. Res- 
piration volumes of several litres are normal in the case of 
adult patients, which enables sample flow rates in the order 
of 200-300 ml/min to be used without influencing the respira- 
tory circuit. However, in the case of neonatal patients, 
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which have respiratory volumes in the order of decilitres, it 
is necessary to lower the rate of flow to a minimum. 50 
ml/min is a normal flow rate in this latter case. Conse- 
quently, when the need for a short rise time is greatest, the 
possibilities of achieving such a rise time are the worst. 

'. In addition to needing to extract moisture, bacteria, etc., 
from the expiration gas of a patient, it is also necessary to 
protect the analysis instrument from dirt and other contami- 
nants present in the ambient air. Many gas analysis instru- 
ments have long warm-up times, meaning that the instrument is 
normally never switched off. Consequently, if the instrument 
is left switched on for a long period of time in the absence 
of a protective filter, the measuring chamber of the analyser 
will gradually become dirty with progressively poorer per- 
formances as a result. 

Water traps have been the solution that has been used to 
increasing extents to eliminate moisture in gas samples. EP- 
A2-0 549 266 teaches a method of extracting both moisture and 
other foreign particles with the aid of a hydrophobic bacte- 
ria filter. In the case of the water trap described in this 
prior publication, the gas sample is passed through a pas- 
sageway that is divided in an upper half and a lower half of 
the hydrophobic filter. The moist gas sample is led into the 
front edge of the lower half of a passageway and is caused to 
exit by applying a strong sub-pressure to an opening in the 
rear edge of the upper half of said passageway. The liquid 
extracted by this arrangement is led away by applying a weak 
sub-pressure to an opening in the rear edge of the lower half 
of the passageway. 
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One drawback with this known water trap is that it requires a 
relatively large filter area, about 1 cm 2 , in order to ensure 
that the product will have a sufficient length of life. The 
length of the passageway is limited chiefly by the desire to 
obtain the smallest possible unit. A length of about 3.5 cm 
has been found suitable. Consequently, a passageway diameter 
of about 3 mm is needed in order to obtain an effective fil- 
ter surface. Hoses used for gas sampling purposes, however, 
will normally have an inner diameter of about 1.4-1.5 mm, 
meaning that eddy currents are generated and impaired rise 
time obtained when the gas sample reaches the larger diameter 
of the passageway. 

Accordingly, the object of the present invention is to pro- 
vide a liquid separator that avoids the aforesaid drawback 
with the earlier known water trap. 

This object is achieved with an inventive liquid separator 
that has the characteristic features set forth in the accom- 
panying Claims. 



There is provided in accordance with the invention a liquid 
separator for extracting liquid from gases, said separator 
comprising a water trap that includes a container, a connec- 
tion for incoming gas flows, a separation chamber that in- 
cludes a filter, and at least one connection passageway for 
conducting separated gas to an analysis instrument, wherein 
the water trap can be attached removably to a holder unit 
connected to the analysis instrument, and wherein the holder 
unit includes connection means for connection of the connect- 
ing passageway . 
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The invention also enables water traps of different sizes to 
be used for adults and for children, with automatic switching 
of the analysis instrument in accordance with the size of 
water trap used. 

The invention will now be described with reference to a non- 
limiting exemplifying embodiment thereof and also with refer- 
ence to the accompanying drawings, in which Fig. 1 is a per- 
spective view of an inventive liquid separator, showing the 
water trap and the holder unit separated from one another; 
Fig. 2 is a perspective exploded view of the water trap shown 
in Fig. 1; and Fig. 3 is a perspective exploded view of the 
holder unit shown in Fig. 1. 

The inventive liquid separator comprises two main parts in 
the form of a water trap 1 and a holder unit 2. The holder 
unit 2 is a part that can normally be firmly fitted to the 
instrument (not shown) used to analyse expiration gas. The 
water trap 1 is a disposable product that is preferably found 
in two different sizes or two different designs, one for 
adult patients and one for neonatal patients. 

The water trap 1 includes a container 3 located beneath a 
separation chamber 4 provided with a connection 5 for receiv- 
ing a gas flow incoming from the patient. The separation 
chamber includes a liquid passageway 6 and a filter 7 posi- 
tioned above said passageway, for instance a bacteria filter. 
Located above the separation chamber 4 and connecting to the 
other side of the filter 7 is an upper chamber part 8 that 
includes a gas passageway (not shown) corresponding to the 
liquid passageway 6 in the separation chamber and leading to 
connection passageways 9, 10 by means of which the water trap 
can be connected to the holder unit 2 and to the analysis 
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instrument respectively. The upper chamber part 8 is covered 
by a hood or cap 11. The separation chamber 4 is fitted ex- 
ternally with locking tabs 12 which enable the water trap 1 
to be snapped firmly to the holder unit 2. 

The separation chamber 4 is preferably fixed permanently to 
the upper chamber part 8, for instance ultrasound welded 
thereto. The filter 7, which is inserted between the separa- 
tion chamber and the upper chamber part 8, may be of the PTFE 
kind and has a pore size of about 0.5 jam and may be sealed 
with the aid of a labyrinth seal formed in the separation 
chamber and the upper chamber part . The container 3 of the 
water trap is adapted so as to be removable from the separa- 
tion chamber 4 and therewith enable " liquid collected in the 
container to be emptied therefrom. 

The holder unit 2 includes a cavity 13 in which part of the 
water trap 1 can be accommodated. The holder unit includes 
locking apertures 14 which receive the locking tabs 12 on the 
water trap and therewith lock the trap 1 firmly in the holder 
unit. Two connection devices 15, 16 are provided behind the 
cavity 13 for receiving the connection passageways of the 
water trap 1. These connection devices 15, 16 are connected 
to hoses passing to the analysis instrument. Two electric 
contact elements 17, 18 are provided in the rear edge of the 
cavity 13 and are activated by insertion of a water trap 1 
into the cavity 13 of the holder unit 2. 

The electric contact elements 17, 18 are adapted so that one 
contact element will detect the presence of a water trap in 
the holder unit, wherewith when the water trap 1 is removed 
from the holder unit 2 the contact element will function to 
immediately stop the flow to the analysis instrument, or will 



WO 00/45884 



7 



PCT/SE00/00113 



stop said flow after a certain time delay, so that no air and 
possible contaminants will be sucked into the instrument and 
contaminate the same. The other electric contact element is 
adapted to detect the type of water trap inserted into . the 
holder unit. The two different types of water trap mentioned 
above may be designed differently at the contact region with 
said other electric contact element, for instance such that 
when using a water trap intended for children the contact 
will be pressed in, while providing a water trap intended for 
adult patients with an aperture which will mean that said 
other electric contact will not be pressed in when fitting 
said trap. The second electric contact element will then be 
arranged so that when it is pressed-in by fitting a water 
trap intended for neonatal patients, the analysis instrument 
will be switched to a mode in which it operates with a lower 
rate of flow. 

The two connection passageways 9, 10 are connected to the 
connection devices 15, 16 of the holder unit 2 so that both a 
main flow that passes from the water trap to the analysis 
instrument and a secondary flow that passes through the con- 
tainer of the water trap can be obtained. 

The main difference between the two water trap embodiments is 
that one is intended for adult patients and has a passageway 
width of about 3 mm, whereas the neonatal model has a pas- 
sageway width of about 1.4 mm. The smaller passageway width 
in the neonatal model means that the rise time will be much 
quicker than in the case of the adult model. In this case, 
the problems normally occurring with shorter product life 
lengths are compensated for by using a lower rate of sample 
flow. 
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Because the type of water trap used can be identified, the 
analysis instrument can be set automatically to choose an 
optimal rate of sample flow for respective models through the 
medium of said electric contact elements. In the case of the 
adult model, there is normally used a flow rate in the order 
of 200-300 ml/min, whereas a flow rate of about 50 ml/min is 
normally used in the case of the neonatal model . Switching 
between these flow rates can thus take place fully automati- 
cally, without the risk of a wrong setting being made manu- 
ally. 



